Quantum con nement of semiconductor nanoparticles is a potential feature which can be interesting for photocatalysis, and cadmium selenide is one simple type of quantum dot to use in the following photocatalytic degradation of organic dyes. CdSe nanoparticles capped with polyvinylpyrrolidone (PVP) in various concentration ratios were synthesized by the chemical reduction method and characterized. e transmission electron microscopy (TEM) analysis of the samples showed that 50% PVP-capped CdSe nanoparticles were uniformly distributed in size with an average of 2.7 nm and shape which was spherical-like.
Introduction
Nanotechnology provides new avenues for the advancement of current technologies and has the potential to touch all areas of applications including health, environmental, and economic issues [1] [2] [3] . Environmental concerns are found everywhere in the world, and water treatment is an important aspect of life. Various contaminants can be found in water among which are organic pollutants that are of serious concern [4] [5] [6] . Nanoparticles possess new features such as size tunability and new mechanisms which are part of promising technology. erefore, nanoparticles can be used as photocatalysts to facilitate the degradation of organic pollutants such as dyes upon UV-Vis irradiation [6] [7] [8] .
ere are di erent types of nanoparticles that can be used for the photodegradation of organic pollutants. Titanium oxide and zinc oxide have been given much attention in photocatalysis because of their availability, and they were known for centuries [9] [10] [11] [12] . ere are so many investigations done in order to improve the performance of TiO 2 as a catalyst. Other types of materials are also investigated with attempts to bring new features [5, 6, 8, 12] . CdSe nanoparticles with tuned band gap energy can be synthesized and may play an important role in photocatalysis besides other applications such as laser diodes, catalysis, light-emitting diodes, solar cells, and biological labeling [13] . Di erent methods for preparation of CdSe nanoparticles such as hydrothermal methods have been established in order to investigate the photocatalytic activity on degradation of organic pollutants [14] .
In this study, CdSe nanoparticles were synthesized using PVP as a capping agent at di erent concentrations at room temperature. e capped and uncapped CdSe nanoparticles were characterized and tested for their photocatalytic activities using methylene blue dye as a model organic pollutant.
Synthesis of CdSe Nanoparticles.
For a typical synthesis of uncapped CdSe, 25.3 mg of selenium powder (0.320 mmol) was placed in a 100 mL three-necked round-bottom ask which was then put under nitrogen atmosphere. e selenium was reduced by the addition of a 20.0 mL solution of sodium borohydride (0.320 mmol) while stirring.
e reaction was allowed to proceed for 3 hours in order to allow complete reduction of selenium. A 20.0 mL solution of CdCl 2 (0.320 mmol) was added to the ask content which was kept stirring for an hour at room temperature. e nanoparticles were washed using a centrifuge (5000 rpm for 10 min each cycle) with methanol and dried in air for 48 hours. e PVP-capped CdSe nanoparticles were synthesized using the same procedure as that of uncapped CdSe nanoparticles, but 0.320 mmol of CdCl 2 was simultaneously added with 20.0 mL of PVP (1.288 g). Four di erent PVP concentrations were considered by varying the mass of PVP.
us, 1%, 25%, 50%, and 75% PVP-capped CdSe nanoparticles were synthesized.
Photocatalytic Activity Evaluation.
e photocatalytic activities of uncapped and PVP-capped CdSe nanoparticles were evaluated using the MB dye as a model pollutant under UV light set at 12 W in a photoreactor equipped with a 12 W UV lamp and a peristaltic pump. A peristaltic pump was used for continuous air ow to ensure uniform mixing of the catalyst and solution in the reactor. All the photodegradation experiments were conducted at 25°C. Typically, 5 mg of the CdSe nanoparticles were added to 50 mL of 10 ppm MB aqueous solution in a 100 mL beaker. e beaker was covered with an aluminium foil and stirred magnetically in the dark for 30 minutes for adsorption and desorption equilibrium to take place. After 30 minutes of stirring, 5 mL of the aliquot was collected as the initial mark (0 min exposure) for absorption measurement by a UV-Vis spectrometer. Meanwhile, the remaining solution was inserted into a 250 mL photoreactor. To detect the changes in MB concentration with time, aliquots were collected at 5, 10, 20, 30, 60, and 120 min and then analyzed by the UV-Vis spectrometer.
Characterization.
e absorption measurements were performed at room temperature using a PerkinElmer Lambda 25 UV-Vis spectrometer with a wavelength range from 200 nm to 1100 nm. e FTIR spectra were collected from a PerkinElmer spectrum 400 FTIR/NIR spectrometer with the wavenumber range of 650 cm −1 -4000 cm
, and the analysis was done at room temperature. A Bruker D2 Phaser X-ray di ractometer was used to determine the crystalline properties of the nanoparticle's powder. e morphology of the synthesized CdSe nanoparticles was determined using a JEOL JEM-2100 transmission electron microscope operating at 200 KV.
Results and Discussion
Amongst semiconductor nanoparticles, regularly prepared cadmium selenide makes a better choice for its good properties because of its low band gap, and the generated electrons have high negative reduction potentials. It can be easily prepared using various methods including less energetic conditions such as employing a reducing agent, sodium borohydride, at room temperature. Cadmium selenide has a bulk band edge of nearly 730 nm in the visible region which can be tuned towards the UV region by controlling the particle size.
UV-Vis Spectral
Analysis. UV-Vis absorption spectra of all synthesized CdSe nanoparticles are shown in Figure 1(a) .
e absorption peaks of the uncapped and capped CdSe nanoparticles were all below 600 nm. All absorption band edges were blue-shifted between 500 and 600 nm, suggesting that the synthesized nanoparticles were relatively small. e in ection point around 500 nm was due to the drift in the measurements.
e change in absorption band edge is indicative of the different types of nanoparticles obtained from the synthesis with and without PVP. e di erence might also be due to a change in particle distribution and/or dominance of defects. e smaller tailing in the spectrum of 50% PVP-capped CdSe nanoparticles is indicative of small and well-dispersed particles.
e Tauc plots are shown in Figure 1 (b). e approximation of band gap values was found in the range of 1.52-1.82 eV for all the synthesized CdSe nanoparticles. e 50% PVP-capped CdSe nanoparticles gave the highest energy in absorption band edges as compared to other percentages of PVP reported in this work.
TEM Analysis.
e TEM images of the synthesized CdSe nanoparticles are shown in Figure 2 . e formation of the particles di ered as the precursor was uncapped or capped at di erent concentrations of PVP.
e uncapped particles were agglomerated with a mixture of spherical-, dendritic-, and ower-like shapes and sizes compared to PVP-capped CdSe nanoparticles.
e 1% PVP-capped CdSe nanoparticles showed a mixture of bigger and smaller sphericallike nanoparticles. ese structures tended to decrease to uniform and small features as the concentration of PVP increased. At 50% PVP capping, the nanoparticles became well dispersed and uniformly distributed as shown in Figure 2 (f). e average size distribution of these particles was 2.7 nm, while the largest particles had a diameter of 4.5 nm in this sample. However, for PVP concentration above 50%, the Ostwald ripening e ect favored bigger particles as reported also by other authors [15] [16] [17] [18] . Mahmoud and El-Mallah [15] employed PVP as a capping ligand at various concentrations for the synthesis of CdSe nanoparticles. PVPcapped CdSe nanoparticles which consisted of less agglomerated cubic-like structures with an average size of 2.3 nm were reported and were successfully used for photovoltaic application.
XRD Analysis.
e X-ray di raction patterns of 50% PVP-capped and uncapped CdSe nanoparticles are shown in Figure 3 . e synthesized nanoparticles relatively showed some degree of crystallinity, and all major peaks with 2θ values around 25°, 42°, and 50°matched with the standard pattern of the cubic crystal of CdSe (JCPDS 19-0191) [19] . No peaks due to impurities were found. More peak defects were observed in the XRD pattern of PVP-capped CdSe nanoparticles as attested by appearance of more shoulders. is may be the result of structural modi cations such as shape defects and sizes. A slight shift of about 0.3°in the peak position towards lower 2θ values was observed in the pattern of PVP-capped CdSe nanoparticles in comparison with that of the uncapped material. is may be indicative of strain caused by the binding of PVP on the surface of nanoparticles.
FTIR Spectral Analysis.
e FTIR spectral analysis of the PVP-capped CdSe nanoparticles was done to con rm the capping e ect. e 50% PVP-capped CdSe sample was particularly chosen for this analysis due to its optical properties.
e peaks in the spectrum of pure PVP are similarly found in that of 50% PVP-capped CdSe nanoparticles as shown in Figure 4 . A slight shift in several peaks can be attributed to the binding of PVP to CdSe nanoparticles. e broad peak in the -OH region con rmed the binding of PVP to CdSe nanoparticles where a peak shift was observed at 3250 cm −1 to 3540 cm −1 . A shift in C-H aromatic stretching was also observed in the region of 3137 cm −1 to 3201 cm −1 upon binding to CdSe nanoparticles, indicating the interference in hydrogen bonding due to interactions with cadmium ions and successive formation of CdSe nanoparticles.
is corroborates the crystalline properties observed from XRD analysis.
Photocatalytic Activity Evaluation.
e PVP-capped CdSe nanoparticles with varied percentages gave the optimum conditions when PVP concentration was 50%. is was due to the largest absorption band edge energy, good particle size distribution, and smaller sizes of uniform shapes. erefore, this sample was used to evaluate the photocatalytic activity in comparison with the uncapped CdSe nanoparticles. e photocatalytic degradation was performed by exposing the MB aqueous solution to the UV light in the presence of uncapped and 50% PVP-capped CdSe nanoparticles for 0, 5, 10, 20, 30, 60, and 120 min. e corresponding absorption spectra are shown in Figure 5 . e absorption peak intensities decreased as the exposure time increased for both uncapped and 50% PVP-capped CdSe samples. is is indicative of the change in amounts of MB with exposure time. e ratio of concentration of MB remaining to the initial one (C/C 0 ) over time is depicted in Figure 6 . e photodegradation was con rmed since the initial amount of MB was not the same after exposure to UV irradiation for both uncapped and 50% PVP-capped CdSe samples. e ratio C/C 0 decreased when 50% PVP-capped CdSe nanoparticles were used. e C/C 0 value was less than 0.50 compared to that of the uncapped CdSe nanoparticles which had a value of 0.65.
e MB removal e ciency increased gradually with time until the optimum activity was achieved for both samples, after which no major variation could be observed as shown in Figure 7 . e uncapped CdSe nanoparticles degraded 31% of MB in water after 2 hours, whilst the 50% PVP-capped CdSe nanoparticles degraded 48% of MB in water after the same exposure time. is indicates that the properties of the capped and uncapped CdSe nanoparticles were not identical as also seen in their structures and optical behaviour. e controlled size and surface area of nanoparticles capped with PVP are the main properties a ecting the photocatalytical performance.
e nanoparticles prepared using PVP as a capping agent exhibit better optical and structural properties due to controlled growth. Haldar et al. [20] used pure CdSe nanocrystals and Au/CdSe heterostructures as catalysts for the degradation of R6G in water. ey reported only 27.3% of R6G removal from water using CdSe, whilst the Au/CdSe heterostructures allowed for 87.2% removal of the same dye under the same UV irradiation for 150 min.
e kinetic studies are shown in Figure 8 . e tted straight lines (not shown) could not cover most of the points plotted in the ln(C 0 /C) versus time curve, the R-squared values showed a poor tting indicating a nonlinearity, and consequently, the degradation was not following the rst-order kinetics.
Conclusion
e CdSe nanoparticles prepared gave relatively blue-shifted band edges with smaller particle sizes using PVP as a capping molecule at all percentages. XRD con rmed that CdSe nanoparticles were synthesized using PVP as a capping agent. e 50% PVP-capped CdSe nanoparticles had relatively improved structural and optical properties and showed uniform distribution and hence chosen for the photodegradation of methylene blue. e 50% PVP-capped CdSe nanoparticles demonstrated a better photocatalytic degradation of methylene blue in water compared to the uncapped CdSe nanoparticles. e amount of MB to be utilized for water samples should be optimized further for 100% photocatalytic activity. In other respects, the UV-Vis irradiation power should be studied further in order to have optimized e ect of the photocatalyst. Moreover, the synthesized nanoparticles can be utilized in many applications.
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